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Background. Previously we have shown within the immunological homunculus conception that 
take place causal relationships between induced by balneotherapy changes in parameters of EEG 
and HRV, on the one hand, and the parameters of humoral and cellular immunity, on the other 
hand. The purpose of this study is to find out the relationships between induced by balneotherapy 
changes in parameters of EEG and HRV, on the one hand, and the parameters of phagocytosis, 
on the other hand. Material and methods. In basal conditions in 33 men and 10 women with 
chronic pyelonephritis and cholecystitis in remission, we recorded twice, before and after 
balneotherapy at the spa Truskavets’, EEG (“NeuroCom Standard”) and HRV 
(“Cardiolab+VSR”). In blood estimated parameters of phagocytic function of neutrophils against 
Staphylococcus aureus and Escherichia coli. Results. Judging by the coefficients of canonical 
correlation, the maximal subordinate nervous regulation is the completeness of phagocytosis of 
E. coli (R=0,944), whereas the influence of the nervous system on the completeness of 
phagocytosis Staph. aur. is minimal (R=0,607). With regard to the intensity of phagocytosis, the 
differences in the strength of nerve influence are expressed less (0,893 vs 0,744), and in relation 
to the activity of phagocytosis as well as the bactericidal ability of neutrophils, there are no 
differences between R (0,858 vs 0,857 and 0,831 vs 0,834, respectively). However, significant 
differences were found between profiles of correlation coefficients between EEG and HRV 
parameters, on the one hand, and phagocytosis parameters, on the other hand, for representatives 
of Gram-negative and Gram-positive microbes. Conclusion. In the nervous regulation of 
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phagocytosis by neutrophils of the Gram-negative and Gram-positive microbes are involved the 
structures that are localized in different parts of the CNS. 
 







In the course of implementing the project "The role of the nervous system in the mechanism 
of immunotropic effects of balneotherapy in the spa Truskavets’", we first analyzed the 
relationships between the parameters of EEG and HRV, on the one hand, and immunogram, 
leukocytogram as well as phagocytosis - on the other hand [12-14,19,20]. At the second stage, 
the object of the study was the relationships between the induced by balneotherapy changes in 
the parameters of the nervous regulation, on the one hand, and humoral and cellular immunity - 
on the other hand [8,9,11,15,18]. This article contains the results of analysis in the same channel 
of parameters of phagocytosis by neutrophils of Gram-negative and Gram-positive microbes. 
 
MATERIAL AND METHODS 
 
The object of observation were 33 men and 10 women aged 24-70 years old, who came to the 
spa Truskavets’ (Ukraine) for the treatment of chronic pyelonephritis combined with cholecystitis 
in remission. The survey was conducted twice, before and after balneotherapy. 
We recorded electrocardiogram in II lead to assess the parameters of HRV (software and 
hardware complex "CardioLab+HRV" production "KhAI-MEDICA", Kharkiv, Ukraine). For 
further analysis the following parameters heart rate variability (HRV) were selected [1,2,6]. 
Temporal parameters (Time Domain Methods): the standart deviation of all NN intervals 
(SDNN), coefficient of variation (Cv), the square root of the mean of the sum of the squares of 
differences between adjacent NN intervals (RMSSD), the percent of interval differences of 
successive NN intervals greater then 50 ms (pNN50); heart rate (HR), the moda (Mo), the 
amplitude of moda (AMo), variational sweep (MxDMn) as well as triangulary index (TINN). 
Spectral parameters (Frequency Domain Methods): spectral power (SP) bands of HRV: high-
frequency (HF, range 0,4÷0,15 Hz), low-frequency (LF, range 0,15÷0,04 Hz), very low-
frequency (VLF, range 0,04÷0,015 Hz) and ultra low-frequency (ULF, range 0,015÷0,003 Hz). 
On the basis of these parameters were calculated classical indexes: LF/HF, 
LFnu=100%•LF/(LF+HF), Baevskiy’s Stress Index (BSI=AMo/2•Mo•MxDMn) and Baevskiy’s 
Activity Regulatory Systems Index (BARSI) [1]. 
Then EEG recorded a hardware-software complex “NeuroCom Standard” (KhAI Medica, 
Kharkiv, Ukraine) monopolar in 16 loci (Fp1, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, P3, P4, T5, 
T6, O1, O2) by 10-20 international system, with the reference electrodes A and Ref tassels on the 
ears. Among the options considered the average EEG amplitude (μV), average frequency (Hz), 
frequency deviation (Hz), index (%), coefficient of asymmetry (%) as well as absolute (μV
2
/Hz) 
and relative (%) spectral power density (SPD) in the standard frequency bands: β (35÷13 Hz), α 
(13÷8 Hz), θ (8÷4 Hz) and δ (4÷0,5 Hz) in all loci, according to the instructions of the device. In 
addition, calculated Laterality Index (LI) for SPD each Rhythm using formula [16]: 
LI, % = Σ [200•(Right – Left)/(Right + Left)]/8 
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We calculated also for HRV and each locus EEG the Entropy (h) of normalized SPD using 
formula CE Shannon [22]: 
hHRV= - [SPD HF•log2 SPD HF + SPD LF•log2 SPD LF + SPD VLF•log2 SPD VLF + 
+ SPD ULF•log2 SPD ULF]/log2 4; 
hEEG= - [SPDα•log2 SPDα + SPDβ•log2 SPDβ + SPDθ•log2 SPDθ + SPDδ•log2 SPDδ]/log2 4 
Parameters of phagocytic function of neutrophils estimated as described by SD Douglas and 
PG Quie [5] with our (MM Kovbasnyuk) moderately modification. To do this, 5 drops of blood 
immediately after collection, made in glass centrifuge tubes with 2 ml of 4% solution of sodium 
citrate. Blood samples were stored in a refrigerator at a temperature of 4
0
C. Further samples were 
centrifuged (5000 rev/min for 5 min). The supernatant was removed with the help of the 
Pasteur’s pipette. We used a fraction of leukocytes with traces of erythrocytes. The objects of 
phagocytosis served daily cultures of Staphylococcus aureus (ATCC N 25423 F49) as typical 
specimen for Gram-positive Bacteria and Escherichia coli (O55 K59) as typical representative of 
Gram-negative Bacteria. Both cultures obtained from Laboratory of Hydro-Geological Regime-
Operational Station JSC “Truskavets’kurort”. To prepare the suspension microbes did wipes with 
relevant shoals sterile saline, immersed tubes in boiling water for 3 seconds, cooled to room 
temperature. Integrity microbes controlled with the aid of a microscope. To do this, drop the 
suspension of microbes applied to skimmed substantive piece of glass, fixed in alcohol lamp 
flame. Ready preparations stained by Papenheim, microscoped during immersion, lense h90, 
eyepiece x10. The test samples were prepared as follows. In Vidal’s plastic tubes made in the 
following order of 0,05 mL of heparin, 0,05 mL of sterile saline, 0,1 mL suspension of 
leukocytes, 0,05 mL suspension of microbial bodies. Samples shaked and placed in thermostat at 
37
0
C for 30 min, shaking them with every 10 mins. Then, to stop phagocytosis, the sample was 
cooled under running water for 10 min. In further samples are centrifuged (5000 rev/min, for 5 
min), the supernatant removed with the help of the Pasteur’s pipette. From the suspension of 
leukocytes (with traces of red blood cells) prepared strokes, dried in air at room temperature and 
stained by Papenheim. Microscoped during immersion lens h90, x10 eyepiece. Take into account 
the following parameters of phagocytosis: activity (percentage of neutrophils, in which found 
microbes - Hamburger’s Phagocytic Index), intensity (number of microbes absorbed one 
phagocytes - Microbial Count or Right’s Index) and completeness (percentage of dead microbes - 
Killing Index). Microbial number and index their digestion is determined for each phagocyte and 
fixed in phagocytic frame. 
Results processed by methods of correlation and canonical analyses, using the software 
package "Statistica 5.5". 
 
RESULTS AND DISCUSSION 
 





] + 1}, 
for a sample of 32 full observations critical value of correlation coefficient module at p<0,05 
(t>2,04) is 0,35; at p<0,01 (t>2,75) is 0,46; at p<0,001 (t>3,64) is 0,58. 
Nevertheless, in regressive models with step-by-step exclusion, there were separate indices 
(variables) with the values |r| less than critical level. 
In particular, changes in the Killing Index for Staph. aureus upregulated by changes in the 
Deviation of θ-rhythm while downregulated by changes in the Deviation of δ-rhythm as well as 
in β-rhythm Frequency and α-rhythm Index. Changes in these parameters of EEG in aggregate 
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determines the changes in the Completeness of phagocytosis Staph. aureus only 27,5%, but 
statistically significant (Table 1 and Fig. 1). 
 






=0,275; F(4,3)=3,9; p=0,012; SE of estimate: 6,8 % 
 
 Beta St. Err. 
of Beta 






Changes in Variables r  Intercpt 3,397 1,252 2,71 ,011 
θ-rhythm Deviation, Hz 0,42 ,365 ,161 4,888 2,148 2,28 ,031 
β-rhythm Frequency, Hz -0,37 -,187 ,165 -,272 ,240 -1,13 ,268 
δ-rhythm Deviation, Hz -0,32 -,225 ,158 -4,565 3,209 -1,42 ,166 
α-Rhythm Index, % -0,27 -,276 ,154 -,081 ,045 -1,79 ,084 
 









































(4)=12,9; p=0,012; Λ Prime=0,631 
Fig. 1. Scatterplot of canonical correlation between changes in parameters EEG and HRV 
(X-line) and Completeness Phagocytosis of Staphylococcus aureus (Y-line) 
 
In return changes in the Killing Index for E. coli equally noticeable downregulated by 
changes in SPD of δ-rhythm in Left Temporalis Anterior (Fig. 2) as well as Right Temporalis 





dIKE = 4,3 - 0,184*dT3D%
Correlation: r = -0,496
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Fig. 2. Scatterplot of relationship between changes in relative SPD of δ-rhythm in locus T3 




dIKE = 3,8 - 0,16*dT6D%
Correlation: r = -0,509
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Fig. 3. Scatterplot of relationship between changes in relative SPD of δ-rhythm in locus T6 
(line X) and Completeness Phagocytosis of E. coli (line Y) 
 
We draw attention to the fact that the changes caused by balneotherapy both EEG and Killing 
Index take place both in increase and decrease, that is, they are ambivalent. This is consistent 
with the concept of multivariable effects of the balneofactors of the spa Truskavets’ on the 
functional parameters of the autonomic nervous, endocrine, immune, cardiovascular and 
digestive systems, which is due to the individual reactivity of the organism and is subject to 
reliable prediction [3,6,20,29]. 
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Interestingly, the combined regulatory effect of impulses from both loci does not at all 
outweigh the effects of each individual loci (Fig. 4), and none of them was included in the final 























































=0,267; F(2,3)=6,6; p=0,004; SE of estimate: 9,1% 
Fig. 4. Interrelations between changes in relative SPD of δ-rhythm in locus T3 (line X), T6 
(line Y) and Completeness Phagocytosis of E. coli (line Z) 
Changes in these included parameters of EEG and HRV in aggregate determines the changes 
in the Completeness of phagocytosis E. coli on 79% (Table 2 and Fig. 5). 
 








; SE of estimate: 4,9% 
 
 Beta St. Err. 
of Beta 






Changes in Variables r  Intercpt 6,84 1,28 5,36 10
-4
 
F8-α SPD, % 0,46 ,686 ,345 ,460 ,231 1,99 ,064 
T3-α SPD, % 0,44 ,455 ,116 ,273 ,070 3,91 ,001 
T4-α SPD, % 0,38 ,512 ,146 ,432 ,123 3,50 ,003 
F7-β SPD, % 0,38 ,900 ,271 ,430 ,129 3,33 ,004 
F8-β SPD, % 0,37 1,583 ,358 ,718 ,162 4,43 10
-3
 
SP ULF band HRV, sec
2
 0,32 -,383 ,145 -,022 ,008 -2,64 ,018 
F8-δ SPD, % -0,40 2,738 ,645 ,783 ,184 4,25 10
-3
 
F7-δ SPD, % -0,36 ,955 ,336 ,295 ,104 2,85 ,012 
F4-δ SPD, % -0,32 ,472 ,168 ,180 ,064 2,80 ,013 
O2-δ SPD, % -0,35 -,699 ,207 -,237 ,070 -3,37 ,004 
O2-δ SPD, μV
2
/Hz -0,33 ,410 ,160 ,004 ,001 2,56 ,021 
Baevskiy Stress Index, un. -0,37 -,284 ,137 -,024 ,011 -2,08 ,054 
θ-rhythm Frequency, Hz 0,40 ,548 ,116 3,562 ,756 4,71 10
-3
 
O2 Entropy  0,41 1,042 ,139 57,97 7,74 7,48 10
-6
 











































; Λ Prime=0,108 
Fig. 5. Scatterplot of canonical correlation between changes in parameters EEG and HRV 
(X-line) and Completeness Phagocytosis of E. coli (Y-line) 
Changes in the Microbial Count for Staph. aureus upregulated by changes in the Index of θ-
rhythm and SPD of α-rhythm in Right Frontalis Anterior locus while downregulated by changes 
in the Index of δ-rhythm and Vagal tone. Changes in these parameters in aggregate determines 
the changes in the Intensity of phagocytosis Staph. aureus on 49% (Table 3, Fig. 6). 






=0,488; F(4,3)=8,4; p=0,0002; SE of estimate: 5,5 Bac/Phag 
 Beta St. Err. 
of Beta 






Changes in Variables r  Intercpt 1,927 1,060 1,82 ,080 
θ-Rhythm Index, % 0,41 ,422 ,132 ,074 ,023 3,20 ,003 
Fp2-α SPD, % 0,29 ,201 ,131 ,113 ,074 1,53 ,137 
δ-Rhythm Index, % -0,39 -,311 ,131 -,050 ,021 -2,38 ,025 












































(4)=22,6; p=0,0002; Λ Prime=0,446 
Fig. 6. Scatterplot of canonical correlation between changes in parameters EEG and HRV 
(X-line) and Intensity Phagocytosis of Staphylococcus aureus (Y-line) 
The Intensity of Phagocytosis of Escherichia coli is also more susceptible to regulatory neural 
influences than Staphylococcus aureus. Changes in its upregulated by changes in the Deviation of 
δ-rhythm while downregulated by changes in the SPD of β-rhythm in Left Frontalis Medialis and 
Right Occipitalis loci as well as SPD of α-rhythm in Left Temporalis Anterior and Posterior loci 
and its Asymmetry as well as Vagal tone. Changes in these parameters in aggregate determines 
the changes in the Intensity of phagocytosis of E. coli on 74% (Table 4, Fig. 7). 








; SE of estimate: 5,8 Bac/Phag 
 Beta St. Err. 
of Beta 






Changes in Variables r  Intercpt 2,76 1,18 2,34 ,028 
δ-rhythm Deviation, Hz 0,40 ,491 ,095 14,0 2,7 5,19 10
-4
 
F3-β SPD, % -0,40 -,259 ,123 -,2021 ,0964 -2,10 ,047 
O2-β SPD, % -0,34 -,314 ,127 -,2376 ,0957 -2,48 ,020 
T5-α SPD, μV
2
/Hz -0,37 -,332 ,097 -,0246 ,0072 -3,41 ,002 
T3-α SPD, % -0,33 -,369 ,103 -,2339 ,0653 -3,58 ,002 
α-rhythm Asymmetry, % -0,36 -,265 ,098 -,1721 ,0636 -2,70 ,012 
SP HF band HRV, sec
2












































; Λ Prime=0,202 
Fig. 7. Scatterplot of canonical correlation between changes in parameters EEG and HRV 
(X-line) and Intensity Phagocytosis of E. coli (Y-line) 
 
In return Activity of Phagocytosis both Staphylococcus aureus and Escherichia coli 
subordinate to nervous regulatory influences to approximately the same extent. Determination 
rate is 63% and 57% respectively. 
For both bacteria, activation is carried out through changes in parameters of α-rhythm while 
inhibition through changes in parameters of β-rhythm as well as Sympathetic tone. However, the 
factor structure for both bacteria is different (Table 5 and Fig.8 vs Table 6 and Fig. 9). 






=0,627; F(9,2)=6,8; p=0,0001; SE of estimate: 0,6% 
 
 Beta St. Err. 
of Beta 






Changes in Variables r  Intercpt ,457 ,137 3,34 ,003 
P4-α SPD, % 0,44 -,386 ,239 -,029 ,018 -1,61 ,121 
P4-α SPD, μV
2
/Hz 0,34 ,230 ,142 ,001 ,001 1,62 ,119 
T6-α SPD, % 0,40 ,454 ,171 ,026 ,010 2,66 ,014 
α-rhythm Index, % 0,39 ,342 ,199 ,013 ,008 1,72 ,099 
α-rhythm Asymmetry, % -0,32 -,309 ,136 -,019 ,008 -2,26 ,034 
θ-rhythm Frequency, Hz 0,32 ,337 ,174 ,219 ,113 1,94 ,066 
β-rhythm Deviation, Hz -0,36 -,269 ,135 -,280 ,141 -1,99 ,059 
O1-β SPD, % -0,35 -,286 ,136 -,021 ,010 -2,10 ,047 


















































; Λ Prime=0,265 
Fig. 8. Scatterplot of canonical correlation between changes in parameters EEG and HRV 
(X-line) and Activity of Phagocytosis of Staphylococcus aureus (Y-line) 
 






=0,571; F(12)=4,4; p=0,002; SE of estimate:0,5% 
 
 Beta St. Err. 
of Beta 






Changes in Variables r  Intercpt ,059 ,115 ,51 ,615 
O1-β SPD, % -0,44 -,513 ,195 -,025 ,009 -2,64 ,016 
F7-β SPD, % -0,42 ,332 ,219 ,011 ,007 1,51 ,147 
P3-β SPD, % -0,38 ,539 ,237 ,036 ,016 2,27 ,035 
C3-β SPD, % -0,38 -,899 ,318 -,048 ,017 -2,82 ,011 
T6-β SPD, % -0,36 -,422 ,312 -,015 ,011 -1,35 ,192 
O2-β SPD, % -0,36 ,541 ,223 ,026 ,011 2,43 ,025 
F3-β SPD, % -0,35 ,400 ,296 ,020 ,015 1,35 ,193 
θ-rhythm Index, % -0,39 -,296 ,158 -,005 ,003 -1,87 ,077 
θ-rhythm Frequency, Hz 0,28 ,460 ,173 ,200 ,075 2,66 ,015 
α-rhythm Index, % 0,34 ,605 ,235 ,016 ,006 2,58 ,018 
Fp1 Entropy 0,32 ,538 ,165 1,844 ,566 3,26 ,004 
SP LF band HRV, sec
2













































(12)=32,0; p=0,0014; Λ Prime=0,263 
Fig. 9. Scatterplot of canonical correlation between changes in parameters EEG and HRV 
(X-line) and Activity Phagocytosis of E. coli (Y-line) 
On the basis of the recorded partial parameters of Phagocytosis, taking into account the 
Neutrophils content of 1 L blood, we calculated the integral parameter - Bactericidal Capacity of 
Neutrophils (BCCN) by the formula [13]: 
BCCN (10
9
 Bact/L) = N (10
9
/L)•PhI (%)•MC (Bact/Phag)•KI (%)•10
-4
 
Changes in BCCN against Staph. aur. downregulated by changes in SPD of θ-rhythm in Left 
Frontalis Lateralis (Fig. 10) and Occipitalis loci as well as in Frequency of β-and α-rhythms and 




dBCA = 17,2- 2,52*dF7-T%
Correlation: r = -0,444
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Fig. 10. Scatterplot of correlation between changes in relative SPD θ-rhythm in locus F7 (X-
line) and Bactericidal Capacity Neutrophils against Staphylococcus aureus (Y-line) 
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Table 7. Regression Summary for Dependent Variable: change in Bactericidal Capacity 









 Beta St. Err. 
of Beta 






Changes in Variables r  Intercpt 21,0 3,59 5,85 10
-5
 
F7-θ SPD, % -0,44 -,571 ,152 -3,245 ,862 -3,77 ,001 
O1-θ SPD, % -0,34 -,195 ,135 -1,217 ,845 -1,44 ,163 
β-rhythm Frequency, Hz -0,37 -,479 ,138 -2,498 ,717 -3,48 ,002 
α-rhythm Frequency, Hz -0,34 -,264 ,127 -9,96 4,81 -2,07 ,050 
T6 Entropy -0,33 ,483 ,182 68,9 26,0 2,65 ,014 
O2-δ SPD, μV
2
/Hz 0,47 ,763 ,324 ,018 ,007 2,36 ,027 
F8-δ SPD, μV
2
/Hz 0,37 -,524 ,311 -,027 ,016 -1,68 ,105 
F3-α SPD, μV
2
/Hz  0,31 ,337 ,130 ,144 ,056 2,59 ,016 
 
Instead, the changes in BCCN are unified with changes in SPD of δ-rhythm in Right Frontalis 
Lateralis and Left Frontalis Medialis loci. In general, the measure of neurogenic determination 





































(8)=30,9; p=0,0001; Λ Prime=0,304 
Fig. 11. Scatterplot of canonical correlation between changes in parameters EEG (X-line) 
and Bactericidal Capacity Neutrophils against Staphylococcus aureus (Y-line) 
 
Changes in BCCN against E. coli most of all downregulated by changes in Baevskiy’s 
Activity Regulatory Systems Index (Fig. 12) and Asymmetry of α-rhythm (Fig. 13). The 




dBCE = 13,2 - 3,78*dBARSI
Correlation: r = -0,473
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Fig. 12. Scatterplot of correlation between changes in Baevskiy’s Activity Regulatory 




dBCE = 15,3 - 0,639*dAA
Correlation: r = -0,559
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Fig. 13. Scatterplot of correlation between changes in Asymmetry of α-rhythm EEG (X-















































; SE of estimate: 16 10
9
 B/L 
Fig. 14. Interrelations between changes in Baevskiy’s Activity Regulatory Systems Index 
(line X), Asymmetry of α-rhythm EEG (line Y) and Bactericidal Capacity of Neutrophils 
against E. coli (line Z) 
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Taking into account included in the model of other parameters of EEG and HRV, the measure 
of neurogenic determination of changes in Bactericidal Capacity vs. E. coli increases to 62% 
(Table 8, Fig. 15).  
 
Table 8. Regression Summary for Dependent Variable: change in Bactericidal Capacity 











 Beta St. Err. 
of Beta 






Changes in Variables r  Intercpt 14,3 2,27 6,28 10
-6
 
α-rhythm Asymmetry, % -0,56 -,436 ,119 -,499 ,136 -3,66 ,001 
β-rhythm Frequency, Hz -0,41 -,300 ,116 -1,081 ,416 -2,60 ,016 
O1-β SPD, μV
2
/Hz -0,32 -,211 ,114 -,084 ,045 -1,86 ,075 
Baevskiy ARS Index, un. -0,47 -,268 ,127 -2,145 1,015 -2,11 ,045 
HRV Triangulary Index -0,40 -,198 ,131 -1,188 ,788 -1,51 ,144 
SP ULF band HRV, sec
2



































; Λ Prime=0,310 
Fig. 15. Scatterplot of canonical correlation between changes in parameters EEG and HRV 
(X-line) and Bactericidal Capacity Neutrophils against E. coli (Y-line) 
 
And now, let's turn to a complete canonical correlation analysis, that is, the clarification of 
the relationship between changes in regulating neurogenic influences, on the one hand, and the 
parameters regulated by them phagocytic function of neutrophils in relation to two types of 
bacteria, on the other hand. 
Regarding Staphylococcus aureus, the program has identified two almost equally pairs of 
canonical roots. The phagocytic root of the first pair receives a dominant factor load from 
changes in the Activity of phagocytosis and a very moderate load from changes in the Intensity of 
phagocytosis (Table 9). The neurogenic root represents one-sided (upregulating) changes in 
Index of α-rhythm and its SPD in Right Temporalis Posterior, Parietalis and Frontalis Anterior 
loci as well as in Frequency of θ-rhythm. 
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Table 9. Factor structure of canonical Roots representing parameters of Neural regulation 
and Phagocytic function of Neutrophils against Staphylococcus aureus 
 
Right set Root 1 Root 2 
T6-α SPD, % -,411 ,353 
P4-α SPD, % -,394 ,159 
P4-α SPD, μV
2
/Hz -,261 -,025 
α-rhythm Index, % -,362 ,035 
θ-rhythm Frequency, Hz -,263 ,255 
Fp2-α SPD, % -,223 ,236 
α-rhythm Asymmetry, % ,369 ,144 
β-rhythm Deviation, Hz ,331 -,273 
Heart Rate, beats/min ,322 -,187 
O1-β SPD, % ,277 -,099 
F7-θ SPD, % -,068 ,505 
O1-θ SPD, % ,188 ,322 
α-rhythm Frequency, Hz -,135 ,378 
δ-rhythm Deviation, Hz  -,055 ,359 
T6 Entropy -,047 ,326 
β-rhythm Frequency, Hz ,208 ,295 
β-rhythm Index, % ,016 ,215 
θ-rhythm Deviation, Hz -,093 -,437 
O2-δ SPD, μV
2
/Hz ,039 -,442 
F8-δ SPD, μV
2
/Hz -,088 -,311 
F3-α SPD, μV
2
/Hz -,247 -,256 
Left set Root 1 Root 2 
Phagocytic Index for Staph. aur. -,912 ,277 
Microbial Count for Staph. aur. -,388 -,206 
Killing Index for Staph. aureus ,058 -,659 








































(96)=150; p=0,0004; Λ Prime=0,0001 
Fig. 16. Scatterplot of correlation between first pair of canonical Roots reflecting changes in 
parameters EEG (X-line) and Phagocytic function of Neutrophils against Staphylococcus 
aureus (Y-line) 
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Instead, opposite-directed changes in Asymmetry of α-rhythm, Deviation of β-rhythm and 
its SPD in Left Occipitalis locus as well as in Heart Rate as marker of Sympathetic tone 
represents downregulating influences. As a result, the measure of neurogenic determination is 
96,6% (Fig. 16). 
The phagocytic root of the second pair receives a dominant factor load from changes in the 
Bactericidal Capacity and moderate load from changes in the Completeness of phagocytosis 
(Table 9). The neurogenic root represents opposite-directed (downregulating) changes in SPD 
of θ-rhythm in Left Frontalis Lateralis and Occipitalis loci as well as in Deviation of δ-rhythm 
while one-sided (upregulating) changes in SPD of δ-rhythm in similar Right loci as well as in 
Deviation of θ-rhythm. Additional downregulating factors are Frequency of α- and β-rhythms. 











































(69)=94; p=0,0237; Λ Prime=0,0033 
Fig. 17. Scatterplot of correlation between second pair of canonical Roots reflecting 
changes in parameters EEG (X-line) and Phagocytic function of Neutrophils against 
Staphylococcus aureus (Y-line) 
 
Regarding Escherichia coli the phagocytic root of the first pair receives a moderate negatively 
factor loads from changes in the Activity and Completeness of phagocytosis while moderate 
positively loads from changes in the Intensity of phagocytosis and BCCN (Table 10). The 
neurogenic root represents both one-sided and one-sided changes in parameters of HRV and EEG 
that collectively determine changes in phagocytosis parameters by 99,9% (Fig. 18). 
The phagocytic root of the second pair, unlike the first pair, receives a significant factor only 
from changes in BCCN (positively) and in the Intensity of phagocytosis (negatively). The 







Table 10. Factor structure of canonical Roots representing parameters of Neural regulation 
and Phagocytic function of Neutrophils against Escherichia coli 
 
Right set Root 1 Root 2 
SP ULF band HRV, sec
2
 -,505 ,003 
T3-α SPD, % -,417 ,304 
θ-rhythm Frequency, Hz -,303 -,115 
HRV Triangulary Index -,150 -,213 
θ-rhythm Index, % ,429 -,273 
T3-δ SPD, % ,303 -,072 
α-rhythm Asymmetry, % -,251 -,020 
P3-β SPD, % ,216 -,149 
O1-β SPD, % ,197 ,011 
Baevskiy Stress Index, un. ,155 ,105 
δ-rhythm Deviation, Hz ,096 -,541 
T5-α SPD, μV
2
/Hz -,153 ,489 
O2-δ SPD, μV
2
/Hz ,063 ,478 
O2-δ SPD, % ,033 ,338 
O2 Entropy -,244 -,291 
C3-β SPD, % ,023 -,211 
Left set Root 1 Root 2 
Phagocytic Index for E. coli -,467 -,035 
Killing Index for E. coli -,465 ,180 
Microbial Count for E. coli ,465 -,580 














































Fig. 18. Scatterplot of correlation between first pair of canonical Roots reflecting 
changes in parameters EEG (X-line) and Phagocytic function of Neutrophils against 










































; Λ Prime=0,0002 
Fig. 19. Scatterplot of correlation between second pair of canonical Roots reflecting 
changes in parameters EEG (X-line) and Phagocytic function of Neutrophils against 
Escherichia coli (Y-line) 
 
The critical volume of the article forces us to postpone a detailed discussion of the following. 
And in this we confine ourselves to the reference to the known significant differences between 
mechanisms of phagocytosis of gram-positive and gram-negative bacteria [23] as well as about 
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